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ntense industry coampetitien has 
mcreased] the Pressure on manadecrs 
Foam prove plant pookitability; at is 
clear that prackiees  THLUsSL 
Chanse. Machinery specialists are me 
longer every plant. 


husiness 


Aviiluble iat 
Maintenance and instrumentation statts 
drt being decreascd and operators are 
being asked to ca more with less train- 
ng, With the magnitude ancl inplication 
Ol these changes, i018 tiie to reewuuate 
how rolauing machines are prolected 
cum) moaned. 

Por many Vours, permanent vibration 
monitoring has helped plant managers 


protect machinery tram dance, lost of 


these protection systems are nullier sir- 
ple, because they are bused on overall 
vibration amplitude only. In these sys- 
tems, action is usually initiated when 
overall vibration reaches one of ovo pre- 
defined levels. At a level precetinerd as 
the Alert limit, the operator is moauiliedl 
dil a machinery spectuist called! in i 
determing the machine's: health. When 
the predefined Danger limit is exceeded, 
the machinery is automatically shut 
down. 

The vibration signal from a proxiunity 
prebe contwinis much more information 
than just overall vilbration. [t is a complex 
wirelorm, rich with information. An 
entire industry is new devorecd to analys- 
ing this information and ithentifving the 
relationship bepween nuachine operon 
and vibration characteristics, These rela- 
liomships have long been understood by 
muichinery specialists, who use complex 
vibration information ta identify 


20 Orbiil 


machine problems belane they become 
Cestructive. This information gives iii 
deers time to plan repairs and modify 
Plant operation, so machine run time: is 
excenmdect. 


The Informative Data Set 

Operators can take on a larger role in 
minaging michines if they have betrer 
Infor Wan Gasy-to-understane 
form. To accomplish this, Gently Nevada 
has introduced the Intarmative Datu Set 
as stundard in all 4900 system Vibration 
Monitors, Benth Nevada's newesr and 
most advanced vibration monitoring svs- 


tein. The Informative [sara See is not all af 


Lhe information available from a praxim- 
ity probe; ih is pust the essential data 
required far machinery management. It 
consists of overall vibration amplitude, 
probe gap valtage, DX vibration ampli- 
tude and phase, 2X vibration amplitude 
ancl phase. and Not LX vibration amypli- 


tule, 
Gwerall Anipplitiicde 


The overall amphtude of a vibration 
sista cun be composed of many compar 
nents. Usually, it is used to indicate the 
vibration level at which machine damage 
will occur: the Danger point. This has 
heen the primary mole of machine pro 
teerion, The specialist Knows, however, 
that there are many malluceticres tbat 
are meat indicateel by an increase in over- 
tll vilsration. Many faults can even 
decrease overall vibration. 


1A cupiitiucde and phase 

IX vibration is vibration that is syn- 
chronous with shalt rotational speed. 
Because itis vibration filtered to running 
speed itis a vector with both anmplituck 
Wl phase information, Many mietchimery 


Vibration problems, possibly as muuch as 
SQ percent, cause a change in 1X vilbra- 
tion. It is possible to have a significant 
change in the 1A veetor with litth: or no 
change in overall amplitude. More than 
forty Faults thar cause changes in LX 
Vibration have been wlentited, Plowever, 
most changes im 1A amplitude and phase 
ure die to changes in the balance state of 
the rotor Gradual changes in 1X vibra- 
tion should be analyzed, but generally do 
not require an immediate change in 
machine operation or an urgent call tora 
specialist, 


2X aenplitide and phase 


28 wibration is vibration that is svn- 
cChronous with twice the shaft rotational 
speed. and it is alse a weetor with both 
implitude anc phase  inbormation. 
Changes in 2X amplitude and phase can 
indicate radial loads or rotor asymmetry. 
the machine's 28 wibratwon history, 
Ontdual changes are important, bul alone 
dre seidlom cause for emergency action. 
They may preeede faster changes, so 
identifving such a change can help avoid 
Aa later emergency. Large, instantancous 
changes in the 2X vector inclicahe a more 
severe machine problem, and require 
ITT ALLeT Le. 


Not 1X wibreation amplitude 

Not LA vibration is all vibration that is 
not synchronous with running spec, 
andl it contains no phase inkoermation. 
Mot IX vibration often indicates mual- 
funetions that can quickly damage a 
machine, Some af the most corniuinon 
causes of Not LX vibration are fluid- 
Induced instabilities, rolorlo-stator rubs 
ELL eur Faults. All are of trimecdiate con- 
cern. Not LX vibration may also indicate 
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a more meaningful format 
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operiiion or process problems, such as 
COMmpressar surese aul Lup Cavilaliart., 


How severe is the problem? 
How much time do I have? 

With the Informative Data Set, an 
Operator now has more information 
avidilable when a vibration alarm occurs. 
Any alarm indicates change, and anv 
change warrants an investigation into its 
root cause. Ir is alwavs appropriate to 
evdluate overall vibration amplitude an 
the overall vibration trend fle, 
Instantincous changes are more signif 
cant than gradual changes. Higher ampli- 
tudes, in general, require 
immediate response tha 


More 


After looking at the overall vibration 
dm plitude, the operator shoukl exanruine 
Not LX vibration amplitude. IF Not 1X 
vibration has increased or changed siz- 
nificantly, a specialist should be consult- 
ed te determine the root cause. Changes 
inthe LA amplitude are usually associat- 
ed with changes in balance, with no 
increase in Not LA or the 2X80 cormpsa- 
nents. This could be normal for the oper 
tion, depending upon the machine or 
the service, Regardless, as long as the lev- 
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els remain stable at the new levels, emer: 
eeney action isn't warranted. 

Changes in the LX or 2X vectors can 
accur without an increase in overall 
amplitude. Coracual changes might incli- 
cate a shatt crack, and, therefore, shoulcd 
be investigated as soon a possible, but 
are mot usually an emereency, Sudden 
changes in 1X or 24 vectors may be an 
indication of more serigus problems and 
should be investigated immediately: 


The 3500 Machinery Management 
System 


The 4500 Machinery Management 
System is our newest and most udvanced 
wibtalion monitoring system, [ts 
advancements make it less expensive to 
install and use, amd make the compre- 
hensive information it acquires readily 
avilable. [ts advantages are: 
© Reduced installation and mainten- 

Ano COSTS 
© Improved availability 


*  lmproved integration 
© Advanced Diaenostics 


© Proactive machinery management 


Reduced fustatlation and 
MALE HMAnCe COSTS 


The 3500 can use a single, multicon- 
ductor cable to carry signals from traris- 
ducer termination blocks to the 350), 
which reduces cabling costs The 4500 
ean be mounted on machine skids, 
which shortens cable runs. It is compat: 
ible with our transducer and diaaneastic 
SVSLETIS, SO YOU Can connect it We vour 
existing Bently Nevada eqpuipuient. 

Maintenance is less expensive. The 
4500) Svstem is contigured through 
graphical software that is intuitive anc 
easy-to-use, With its optional, internal 
modem, you can configure the 4500 
from a renmiole location, he wer spares are 
required, because certain 3500 Monitors 
can be programmed to perform several 
ditferent functions. Such a moniter can 
serve as a spare for several different 
monitor tvpes. 


haiproved availability 


The AS(h? System helps meet the spe- 
Clal vibmilian momtaring requirements 
of Emergency Shutiown Svstems (ESD) 
applicutions. This mew system alsa pro- 
vides high quality machine protection 
dnd the additional features required for 
sitety-critical applications. Both stancare 
dnl safety critical 3500 racks share com- 
munication protocol and mosc hard: 
ware, Teducing the amount of spare 
parts required) and simplilving personnel 
trining. 

Triple Moldular Redundant applica- 
lions require a redundant power supply. 
This opuon is available with the 4500 
system. The 350) system alsa rebauis its 
configuration information, even if the 
[ek loses power. 
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Imiproved intevration 

The 4500 communicates with plant 
computers antl Distributed Control 
systems (OCS) through its Communica 
tion Gateway. A sinale A500) rock can 
communicate with several different syva- 
tems, simultaneously, Por instanec, one 
4500 rack can simultaneously provith: 
data via different protocols, toa DCS and 
Lod low-cost remote display. You Cin syn- 
chronize the 4504s clock with that on 
the system that monitors your plant 
nracesses, giving you the power to cor 
relate process changes with ovchine 
Wibra LL 


Fabanced operational information 
You can view 3500 data anywhere in 
your plant, by connecting a single cable 
from the 4500 Monitoring System to wy 
Modbus Remote Panel You cam view 
4500 cata from amnowhere in the werldd, 
by using its optional, internal modem. 


The 4500 Operator Display solbware 
runs under Microsoft Windows [or 
Workgroups, and it can supply data to 
another Wintows for Workeraups com 
puter through the Dynamic Daca 
Exchange (DDE). It alsa supports the 
Transmission (onmtrel 
Internet Protocol CTCPALPS the Pile trarns- 
fer Protocel (FTES and the & Window 
Protocal, 


Preiocoal mane 


Advanced diagnostics 

The 4500 Machinery Mirnagermenit 
System provides the information that is 
essential for a machinery management 
program. The 4500 andl the 3500) 
Operator Display Sofware Oc minuuaieate 
vid several protacals, sa it mtegrates i 
many commean plant information sys- 
tems. IL works well with Bently Nevada's 
online thagonstic systems, as part of a 
comprehensive approieh to increasing 
plant pratitability. 


Proacive machinery niamdgenient 

As muchinery experts become 
increasingly scarce, machine OpPenitors 
must make mere decisions. When 4 
machine's vilration increases to a level 
thal triggers an alarm, the operator mst 
decide whether to shut the machine 
down immediileh. wait until an expert 
arrives, or medity plant operation to 
reduce machine vibration, This i the 
essence oF machinery muinagement, A 
correct decision requires more thir pust 
overall vibration information. 
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Often, a plants overall protitahility is 
maximum when the process runs at less 
than full capacity, becuuse machine 
downtime is minimized. Getter informa- 
lian helps operators to modify the 
process sq machine life is extended, 
First, a machinery specialist uses cCom- 
prehensive vibration information to 
identify process-related machine prob- 
lems. Then, he teaches openilors to asso- 
ciate certain vibration characteristics 
with certain process conditions. Later, 
When a wilt alii Geecuirs, Opera: 
tors can quickly determine if it is associ 
ated with a process condition, ane if so, 
Can CAKe apPproprnthe wet, 


However, machinery specialisis are 
disc) in @reater demand. With fewer 
experts available, those whoa comin 
must manage more machines in mare 
plants. Better information, and the trend 
data available from Bently Nevada ching: 
nostic svstems anid most LACS and plant 
infarmalian systems, increases a imitechin- 
ery specialist’s productivity. His produc- 
tivity increases much more if he uses 
modern ciagnastic toals, These tools 
cnable him ta analyze problems without 
travelling ta the machine site, by trais- 
mitting clata via networks anc modems, 


Bently Nevada offers a broad range of 


products designed te increase a machin: 
ery specnilist's procluctivity. 
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© ‘The workl’s best portable diagnostic 
system: ADRES hor Wintlows, 
© Online machinery miami gerenit 
system: Transient Data Manager ®2 
2 Guroanline expert system: 


Engineer Assist™ 


Have we seen it before? 
What can we do? 


Otten, a muchine mallaunetion has 
been diagnascd by an expert, who fas 
determined that the machine can still 
run safely until a scheduled) outage. 
When this happens, process capacity 
must offen be reduced bo accommodate 
the poor health of the machine. The 
Informutive Data Ser helps cletermine 
the optimum operating level. Opening 
the process with this information cun 
vastly improve plant profitability, 

A large steam turbine generator 
makes a good example. Otben, lyche load 
ng or cxecssive bearing clearance on 
the first bearing of the HP turbine will 
allow a tloic-indueed instability bo Gecur, 
This is usually highh dependent on loacd, 
An Operator monitoring Wot LA yilbri- 
tion can determine tan instability 1s pte. 
sent ane can adjust the load to minimize 
it, Normally, steam turbine vibrate sig- 
nals arc predominantly LA vibration, 
therefore, the presenee of for LA ts a 
very significant indication of a problem, 
However, without Not LA vibration 
information, the load would mast cer 
tainly be decreasecl until the problem 
was identified. The uncertainty would 
CHlisc Unnecessary conmeenn, antl mest 
likely, loss of profitably 


Summary 


In the past, simple, overall vibration 
data that protected) machines trom cam- 
age wus adequate to maintain plant prot 
it, ha mere; today's marc competitive 
business COVIConment requires mone 
sophisticated information toa support a 
more sophisticated machinery manage- 
ment methodology, The minimum intar- 
mation required is the Informative Data 
Set. The best system tor making this data 
aviiluble is Benth Newada’s mew 354) 
Machinery Management system. Contact 
Vour nearest! Miles and Service represen: 
itive for more informacion. 


March 1996 


